I do not hold a brief for the cow, and where human diseases are derived from diseases of cows every effort should be made to investigate them and recognize them with a view to their control in the interests of public health, but the menace in milk has probably been exaggerated.
With the extra facilities given to sanitary authorities by the Milk and Dairies (Consolidation) Act and Orders, by the improvement in methods for pasteurizing and sterilizing milk which will enable the medical officer of health, at the first signs of its being infected, to stop the supply, or to sterilizelit, and with the rapid improvement which is taking place in the methods of production and handling, I believe that this menace will in a very short time be considerably lessened and eventually eliminated.
Mr. L. P. PUGH responded to the request of Sir D'Arcy Power (President) by giving a brief description of his attack of gastro-intestinal anthrax contracted by drinking the milk of a cow that died a few hours after removal of the milk from her mammary glands.
He also referred to a peculiar type of serum reaction that occurred ten days after his treatment, the symptoms (cardiac and respiratory distress) being precipitated apparently by ingestion of raw beef sandwiches.
Dr. E. STOLKIND remarked that milk was a proved source of infection in typhoid and paratyphoid fever, and in scarlet fever. [March 16, 1927. Some of the Principal Questions in Chemotherapy with Special Regard to Heavy Metals. By Professor HOLGER M0LLGAARD (Copenhagen).
THE usual modern conception of specific therapy is that it is identical with immunotherapy, that the therapeutical agent is produced by the metabolism of the organism itself, and that it attacks the invading parasite only and leaves the sound tissues untouched. In this respect the immunobiological powers of the organism undoubtedly represent the ideal therapy. In many cases and especially with certain diseases these pqwers fail to cure, even when supported by general medical treatment by vaccine or serums, either because the infected organism cannot produce them in sufficient quantity or because their action on the parasite is prevented. In these cases the clinician faces the question of effecting an alteration in the dominating pathological conditions of the infected organism either by removing the causes which are preventing its natural powers from coming into action, or by attempting to destroy the parasite itself.
From its origin in the work of Ehrlich, scientific chemotherapy has included both these possibilities. The intention of chemotherapy is to discover substances which effect, directly or indirectly, the greatest possible harm to the parasite with the smallest possible injury to the tissues of the host.
Up to the present no substance has been produced which has any remarkable effect on micro-organisms and which is at the same time absolutely harmless to the infected organism, and our present knowledge of chemical constitution and pharmacological action is too fragmentary to open any way for the preparation of such substances. Experimental chemotherapy therefore is at present and will probably remain for many years a series of approximations to the ideal therapy carried out by the natural powers of the organism itself. This is evident from the fact that the true specificity of any substance at present used in chemotherapy may seriously be doubted because its influence is never limited to a certain parasite, but is often extended to very different kinds of micro-organisms. The action even of the best chemotherapeutical substances seems therefore to be due to chemical affinities of a more general character. Great reservations should therefore be shown in applying the term " specific therapy" to modern chemotherapy.
Ehrlich expressed his original conception thus: " Corpora non agunt, nisi fixata"; i.e., the action of chemical substances on the living cell is subject to the existence in such substances of chemical groups or radicals susceptible of reaction witlh other chemical groups in the cell. This rule, which is the basis of our wlhole idea of the processes of metabolism in the organism, will hardly be doubted by anybody.
On the other hand, the conclusions drawn by Elhrlich, that a parasite cannot be killed in the organism by any chemical compound, except by substances having a special chemical affinity to its protoplasm-i.e., a pronounced pa?rasitotropycannot any longer be regarded as a correct interpretation of the facts; first because they do not account for the fact that the substance does not react with the parasite merely in a watery solution, but is injected into a very complicated heterogenic system, the organism, where it also undergoes chemical changes, which may be of importance to its therapeutic effect, and secondly because experience seems to show that chemical compounds may kill parasites in the organism, not by reacting with them, but by stimulating the natural powers of immunity of the infected organism.
This may be of very great importance to the future development of chemotherapy, because it means that in all chemotherapy we have to do not only with the chemical reagent and the parasite, but also with the reacting tissue of the infected organism. Browning expressed this happily when he said that chemotherapeutical substances react in co-operation with the tissute.
In this lecture I shall try to explain some of the more important facts of modern researches which throw some light on this co-operation.
In order to make my explanation clearer, I will divide it into two parts, considering in the first, the chemical action of chemotherapeutical substances, and in the second, immunobiological reactions due to their influence on the micro-organisms or on the infected tissue.
Ehrlich's original view that an active chemotherapeutic substance acts directly on the parasite by combining with certain chemo-receptors in its protoplasm, thus facilitating the bactericidal action of toxic group (e.g., its metallic compound), was primarily founded on his and Morgenroth's researches on the " salvarsan-fastness " found in trypanosomes and spirilla. This "fastness " is an increased resistance to a certain chemical compound, conferred on a strain of these parasites by treating them with slowly increasing doses of it, mostly in the course of many passages through animals, but in some cases by one or two subtherapeutic doses. The drug resistance acquired in this way was in many strains retained after numerous passages through animals without further treatment. According to Ehrlich this fastness was partly specific, though not for the chemical employed in the experiment but for the whole group of compounds to which it belonged, i.e., a fastness conferred on a parasite by any substance enables it to resist this substance and compounds of the same chemical group, but not representative of other groups.
These results, which indicate a specific alteration of the protoplasm of the parasite according to the substance employed, were held by Ehrlich to prove direct action of the substance on the parasite, and to be the result of a reduced affinity between its chemo-receptors and the substance in question.
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In the course of further experiments, however, it was found that this drug-fastness was not as specific as the first experiments seemed to show. First, it was observed that quite distinct substances were able to confer fastness against each other. Thus "Bayer 205 " conferred fastness against arseno-benzol derivatives and vice versa. The same is true in the case of " Bayer 205 " with regard to certain dyestuffs. Secondly, strains of trypanosomes were found having a pronounced fastness to arsenic derivatives in spite of the fact that they had never been treated with any chemical substance, and such strains seemed to develop especially in chronic types of the disease in question. (Schlossberger, Kolle " Handbuch der Salvarsantherapie.")
The fact that drug-fastness with protozoal infections appears under certain conditions, and particularly easily with trypanosomes, has been confirmed by numerous investigators, but it is doubtful whether it is sufficiently specific to afford a sure basis for the theory of direct action by cbemo-receptors in the original sense of Ehrlich.
Leaving the protozoal diseases and considering the chemotherapy of bacteria inaugurated by Morgenroth and his collaborators and brilliantly investigated in England by Wright, Browning and others, the difficulties of using drug-fastness as a basis for a theory of the action of chemical substances on micro-organisms are even greater, because true drug-fastness seems to be found very seldom in bacterial diseases.
True drug-fastness means that the biological character of a micro-organism is altered with respect only to its sensibility to certain substances, whereas its virulence and other qualities are uninfluenced.
In an article published in 1925, shortly after the death of Morgenroth, he and Schnitzer give us a critical resume of all investigations on drug-fastness of bacteria. They conclude that true drug-fastness, retained through many generations, has only been obtained in one case of bacterial infection, namely, with the pneumococcus treated alternately by optochin in vitro and by passage through animals. Under these conditions the pneumococcus retains its high virulence and loses its sensibility to the drug. In all other cases of supposed drug-fastness in bacteria, and especially in streptococci, they are of the opinion that the observed facts have nothing to do with true fastness, but are due to a profound alteration of the whole biological character of the micro-organisms, their virulence being reduced until all pathogenic power is lost and hbmolytic action diminished or lost. They conclude that the question as to whether the clinician has to account for any true drug-fastness in the treatment with chinoline or acridine derivatives cannot yet be decisively settled, but that the deeply altered modifications of strain, which are avirulent, are much more frequent and of much greater importance in bacterial diseases than the true drug-fast strains, which seem to be the rule with treatment of protozoal diseases by subtherapeutic doses.
The immense literature which has developed in relation to these questions makes it difficult for us to obtain a clear comprehension of the subject, but as far as I can see, this interpretation is in the main correct. Besides, stress may well be laid on the opinion of the man who introduced chemotherapy of bacterial diseases, and thus opened the way for numerous investigations in experimental therapy. If, however, Morgenroth and Schnitzer are right, drug-fastness cannot be regarded as a basis for interpreting the action of chemotherapeutical substances according to the original theory of Ehrlich, at any rate not with bacterial diseases. I now proceed to make some observations which throw doubt on the theory that the therapeutic effect on the organism is due to a direct reaction of the unaltered drug on the parasite by means of specific chemo-receptors.
The first groups of these observations concern the parallel between the action of chemotherapeutic substances in vitro and in vivo. With respect to this parallelism the best chemotherapeutic agents may be divided into two groups, the one comprising salvarsan and its derivatives, " Bayer 205 " and sanocrysin, the other containing the chinoline and acridine derivatives, especially optochin and rivanol. The substances of the first group have a relatively slight influence in vitro on the parasites to which they are fatal in vivo. In the case of salvarsan and sanocrysin, which both contain a metal in complex combination, it is interesting to note that parasites treated in vitro with these substances survive for a considerable time after taking up the metal.
With salvarsan Lennhoff and Simic have shown the arsenic derivatives retained in the bodies of spirilla and trypanosomes by microchemical reactions. With sanocrysin the gold has been shown by similar methods in the bodies, and especially in the granules, of tubercle bacilli (M0llgaard, Madsen and M0rck, Bang, Sweany and Wasick). Sweany and Wasick have shown that it is very probable that the granules of this micro-organism contain an enzyme capable of reducing the gold compound. In spite of this the influence of these drugs on such parasites in vitro is uncertain. As a rule they are affected only with regard to rate of growth and virulence, continuous treatment over a long period being necessary to kill them. These facts seem to indicate that although the parasite may react with known chemical substances in vitro, even so far as to take up metal in their bodies, nevertheless this reaction is not sufficient to kill them. The evident fact that the parasites are killed by the injection of these substances into the infected organism seems therefore to be due not only to the properties of the drug but also to other powers reacting in co-operation with them.
The actions of the substances of the second group in vivo and in vitro are more nearly parallel throughout. Wright was the first to show that optochin killed pneumococcus in vitro, and that serum had no bactericidal influence. Numerous investigators have since confirmed these observations for different derivatives of chinoline and acridine. Browning discovered the bactericidal effect of trypoflavin on staphylococci and coli bacilli in vitro. Neufeldt and his collaborators demonstrated the antiseptic effect of local and intraperitoneal application of trypoflavin, and Morgenroth, Schnitzer, Neufeld and Schiemann proved how close was the similarity between action in vitro and in vivo in the case of rivanol.
The substances of the first group are effective when introduced by intravenous or intramuscular injections; that is to say they act after having been re-absorbed by the organism. The acridine derivatives on the other hand are, for the most part, applied locally (wounds, intraperitoneal treatment). In 1926 These figures show that sanocrysin is superior to the acridine substances in subcutaneous application, but inferior to them in local application.
This provides further proof that other powers than those of the sanocrysin alone must contribute largely to its effect in the organism and that similar powers are evidently not mobilized with the re-absorption of the acridine substances. On the other hand the conclusions of many authors (Baumgarten, Felton and Dougherty, Schiemann and Feldt, and Browning), that an overdose of an acridine compound may leave the infection uninfluenced, while smaller doses have a curative effect, indicate that even with these locally acting substances the influence on the tissues is of importance. It is this "effectus contrarius " produced by large doses that 1 See Zeitschr f. Hygiene u. Infections-krankh., 1926, cvi, 93. leads Browning to speak of a co-operation with the tissue even in disinfection. Morgenroth's statement that a certain degree of organotropy may largely influence the effect of the chemotherapeutic disinfectants of the acridine group has a bearing on this question. His " antiseptische Impriignation " (i.e. a certain retention of the drug in the infected tissue) is considered to have an important bearing on the curative effect.
The next point of interest in the problem here considered is the statement that the killing of spirilla in the organism does not take place immediately after the salvarsan injection. This period which elapses before death of the spirilla varies with the species and individuality of the animal. Krantz recently found the same phenomenon in the sanocrysin treatment of recurrens spirilla in mice. The similarity to salvarsan is here very striking, because the effect on the spirilla develops in the same gradual way: first, loss of virulence, then immobility, and, finally, disappearance.
These facts indicate that the substances in question undergo chemical reactions in the organism before they attack the parasite.
The most striking proofs of the great importance of the reaction of tissue of the infected organism with the drug are, however, the observations on the relation between the time of treatment and the curative effect. Very early in the history of salvarsan therapy Ehrlich suggested the possibility that certain therapeutic failures were due to an alteration of the syphilitic organism under the influence of an infection of longer duration and consisting in a reduced capacity to react with the injected salvarsan. In experiments with syphilis on rabbits, Kolle found that an abortive sterilization was acquired in most cases; when the salvarsan treatment began before the forty-fifth day after infection, sterilization was seldom obtained by beginning the treatment between the forty-fifth and the ninetieth day after the infection, and after the ninety days, sterilization was altogether impossible even with very large doses. In many cases syphilitic rabbits could not be cured abortively even three days after infection. These observations were interpreted by Kolle and other German authors as indicating that, besides the drug, other non-specific substances produced owing to its influence on the infected organism, take part in the curative action and that the power of the organism to produce these bodies is destroyed under certain circumstances, e.g., with chronic infections of long duration.
In bismuth therapy we find other indications of the great importance of the tissue to the curative action of chemical substances. It is well known that about six years ago Levaditi found that complex bismuth compounds have a remarkable effect on spirilloses and especially on syphilis. Following him, many authors, especially Giemsa and his collaborators, and Kolle, have thoroughly investigated the effect of bismuth in syphilis therapy. Levaditi found that a 1 per cent. solution of trepol could not kill trypanosomes and spirilla even if they were exposed to its action for a long time. If, however, the bismuth compound was mixed with extracts from liver, kidney and spleen, this mixture had a very pronounced bactericidal effect. Further experiments showed that the bismuth compound had formed new chemical compounds by combining with protein molecules. Levaditi named these new compounds "bismoxyle." According to him they constituted the true active substance in bismuth therapy.
A further statement of the importance of tissue-reactions in bismuth therapy has recently been published by Kolle and Evers. These authors injected a depot of insoluble bismuth compounds into one ear of rabbits. Four weeks later the rabbits were infected with syphilis by injection into both testes. The rabbits were then observed for two or three months, but showed no signs of syphilis. The bismuth dep6t was then removed by cutting off the ear. About eight weeks later the rabbits showed typical syphilitic lesions in their testes. This means, that under these conditions of infection the presence of the bismuth in the ear merely prevented the eruption of syphilitic lesions but did not kill the parasites; when the dep6t was removed they were able to produce typical lesions. On the other hand it is well known from the investigations of Giemsa, Levaditi, Kolle and many others, that if a rabbit with a fully developed chancre is treated with the same bismuth compounds, the spirilla disappear after some time and the lesions heal up. The results of Kolle therefore seem to indicate that the bismuth compound is more effective when employed after a lesion has developed than in the prophylactic experiments. Ehrlich's experiments with salvarsan early led to somewhat similar results. Browning has published some observations on the effect of rivanol on pneumococci, observations which agree fairly well with those already mentioned as having been obtained by Kolle. Browning mixed virulent pneumococci in blood from mice with rivanol 1/800 and injected the mixture into a mouse. The animal survived, but when killed a month later numerous pneumococci were found in the liver.
A most striking illustration of the influence of time of treatment on curative results has been found by Madsen and M0rck in the case of sanocrysin. These authors investigated the effect of sanocrysin on tuberculosis produced in rabbits by intravenous injection with an exceptionally virulent culture of tubercle bacilli. They found that treatment with 2 cg. sanocrysin per kilo. live weight cured the tuberculous infection in 95 per cent. and caused sterilization in 81 per cent. of all treated cases when the treatment was begun four to five days after the intravenous injection, and in 70 to 80 per cent. when the treatment was begun eight to twelve days after. If, however, treatment began simultaneously with the infection, all animals treated died from tuberculosis in spite of further treatment. Further experiments (as yet unpublished) with the same culture appear to show that the third day after the infection seems to be the earliest time for successful treatment. But very probably this time varies with the virulence of the infecting strain.
It is clearly understood that these observations cannot be referred to any direct action of the sanocrysin itself on the tuberele bacilli, but must be explained by assuming that a certain condition of the tissue of the infected organism is necessary to ensure the curative effect of the drug.
As microscopic investigations seem to show that with the culture employed the first small specific tissue reactions in the lungs are fully developed on the third to fifth day, the observations of Madsen and M0rck should probably be understood to indicate that the cure cannot be effected by sanocrysin before the tissue of the infected organism had reacted to the bacilli. The circumstances associated with bismuth and with sanocrysin therapy seem therefore very similar; in both cases infected subjects react to the treatment better than sound ones. A parallel to these reactions may be instanced by the well-known fact that the haemoglobin percentage of the anaemic organism is markedly influenced by iron preparations, whereas it is very little influenced by the same drugs when the organism is sound. It is clear from these facts that the idea of a direct bactericidal influence due to specific chemo-receptors must be abandoned, except possibly in the case of the chinoline and acridine dyestuffs, where the direct disinfecting power in vitro is much more pronounced than in the other groups. Even in this group, however, the tissue of the infected organism seems to play an important part in the curative action. The question then arises as to how these facts are to be explained theoretically.
At present it is impossible to give any certain explanation. All those who know anything of the historical development of chemotherapy will admit that the whole question of the true nature of chemical treatment seemed much more simple in the days of Ehrlich than the developments due to the researches of .792 the last fifteen years now seem to indicate. Among the many different theories of numerous authors, two, however, seem to predominate to such a degree that almost all theories of details may be classified under one or other of them.
The earliest of these theories originated in the salvarsan investigations and is a modification of the original views of Ehrlich. This theory admits that Ehrlich's original conception of the direct action of salvarsan and its derivatives by means of chemo-receptors cannot any longer be regarded as a right interpretation of the facts, but suggests that the difference between the effects in vitro and in vivo, the latent period and the importance of the condition of the infected organism may be due to the fact that the chemotherapeutical compound is transformed into active bodies by chemical reactions in the organism and that the bodies thuts formed are the trute parasitotropic substances which cause the (leath of the parasites. Cases in which treatment fails to cure are thus regarded as being due to an alteration of the physico-chemical conditions of the tissue, preventing the necessary chemical reactions in the organism.
The second and more recent theory arises from experience with "unspecific therapy " which has lately developed to a hitherto unexpected degree. According to this theory the true basis of chemical treatment is a general activation of the protoplasm of the cells, which means that certain substances cause the living cells to react violently to stimuli to which they normally react more slowly. This activation may increase natural resistance and augment specific immunity in infected organisms.
This theory has been further developed in respect of the metallic compounds especially by Feldt, and Walbum, into the suggestion of a catalytic action of heavy metals on the tissue reacting to infection and producing antibodies. These authors hold that the whole effect of injected metallic compounds is of a purely indirect nature. Failures of treatment are then ascribed to false dosage or to inability of the organism to react with the activating substances (metal-resistances).
Which of these theories is the right one ? In my opinion it is impossible to decide this question. Most German authors regard the first theory as correct with respect to salvarsan, and incline to adopt the second for all the other chemotherapeutic substances, except possibly the acridines, to which a direct disinfecting power is attributed.
As far as I can see, there is amongst all observations only one circumstance which may induce us to prefer the older theory to the newer with respect to certain substances, and this circumstance concerns the dosage. When we find that the therapeutical effect of a certain substance increases twyith the dosage, up to the limit of its dosis tolerata, we may conclude that quantitative relations must enter into consideration in chemical reactions in which the parasite is included, anld this may further suggest that the parasite is submitted to direct chemical influence, derived not from the unaltered substance, but from the products derived from its interaction with the tissues of the infected organism. This suggestion is especially probable when it can be shown that to effect cure the doses must be augmented with increasing numbers of parasites, as with salvarsan, and as far as I know with optochin, or with increasing virulence of the bacteria, as with sanocrysin in experimental tuberculosis.
On the other hand I cannot avoid stating my conviction that truth is a function of all observations and that the function of science is not so much to decide between different opinions as to combine the rational parts of them. It seems to me that the difference between the two theories is small in view of their consequences as hypotheses for further work.
The basis of Ehrlich's theory, whether modified or not, is the idea of the importance of the chemical constitution of the therapeutic agents, and the truth of this idea has been confirmed by innumerable pharmacological and therapeutical experiments. Theprincipal question to be asked is therefore, in my opinion: Does the second theory of protoplasmic activation or catalysis lead us away from this idea? If it does, it certainly represents a very different thing; if it does not, the line of future investigation is in both cases the same, namely, to discover substances with constitutions suitable to effect the greatest possible harm to the parasite with the smallest possible injury to the infected organism. With respect to this question, it is, in my opinion, important to consider the fact that the rational investigations of recent years in " non-specific protein therapy " have clearly shown that not only the physical properties but also the chemical constitution of the injected protein derivatives is of great importance to their " activating" action on the cells of the organism. The same is true for the so-called " growth substance " influencing the growth of micro-organisms. With regard to metal activation it is especially interesting to observe that the growth-augmenting factor for influenza bacilli in the Levinthal agar seems to be partly an iron-containing catalyst.
First of all, however, it is to be considered that all the catalysts in the organism, are, as far as we -know, more or less complicated organic bodies, that they probably react chemically with the substances which they cause to split or to combine, and that their chemical constitution seems to be of great importance to their action, as is demonstrated by their specific effects. With regard to metal therapy it seems interesting that some of these organic catalysts-indeed, some of the most important of them, the oxidizing enzymes-contain metal. Warburg's theory-that the oxidizing enzymes of the living cell are largely built up of complex iron compounds where the iron is the real catalyst, but that the chemical groups to which it is bound are responsible for the fixation of the substance in the cell-seems to be becoming more and more generally adopted.
In considering these facts it seems open to discussion as to whether any simple substance-e.g., a simple metal salt-may be expected to exert any catalytic action in the organism, unless the organism can make a catalyst from it. If this view is trueand it seems probable that it is so-the question of activation and catalysis of the non-specific and specific powers of the infected organism is a matter of chemical constitution. This idea appears the more likely when we remember that researches on the importance of certain amino acids with regard to the nitrogen equilibrium and with regard to growth of young animals have taught us that the organism is not able to perform the synthesis of all substances. The chemical constitution of the injected metallic compound must therefore be expected to be of great importance in relation to its effect on the organism. That is why I think that the two theories are not so divergent as they are often considered to be, and that better work may be done by combining the two theories, because they both lead to almost the same basis for further work. It is therefore a matter of indifference to me which of the two theories is adopted for the effect of sanocrysin in tuberculous and other infections.
The object of further work remains the same, namely, the research into the eftect on infectious diseases of metallic compounds of variouts constitutions.
The last question I want to consider is that of immunity reactions following the injection of active therapeutic substances into the infected organism. Very early in his chemotherapeutic researches Erhlich apprehended that indirect stimulation of immunobiological powers had an important bearing on the curative effect of chemotherapeutic treatment. He realized that the process of definite sterilization was carried out in the following way: the chemical killed a certain proportion of the parasites, and the antibodies produced as a reaction to the products liberated from the dissolved p)arasites killed the rest. In this way he explained the fact that the arseno-benzol derivatives manifested a more pronounced effect in curative experiments than in prophylaxis, and that their effect in many cases was stronger when the disease was fully developed than in the early stages of infection, in which only a few parasites were present. This indirect effect of the chemotherapeutic substance was called by Ehrlich " ictus immunisatorius."
The augmentation of specific antibodies and the importance of this process in the therapeutic action of salvarsan and its derivatives has been confirmed by numerous investigators. In most cases with infection curable by salvarsan these reactions, however, can be demonstrated only by special serological methods.
On the other hand, the immunobiological reactions under the sanocrysin treatment of tuberculosis are often of a nature so violent as to be directly apparent to the experimenter and the clinician. As the study of these reactions is of general interest, I shall conclude with some remarks on the present state of our knowledge with respect to them.
It is a well-known fact that the injection of sanocrysin into an animal infected with tuberculosis in many cases causes a violent reaction which appears clinically as acute intoxication of the organism. The symptoms are albuminuria, myocarditis and fall in temperature. In other cases there is no shock, but high temperature reactions. I regarded both these reactions as reactions of immunity, due to liberation of toxins from dissolved tubercle bacilli and from tuberculow tissue, and I suggested that the shock is the reaction of the non-immune organism and the rise in temperature the reaction of the partially immune organism to these toxins. The foundation for this interpretation is the fact that the shock can be removed by intravenous injection of a specific tuberculosis serum made by immunizing cattle with tubercle bacilli, and that it is possible by prophylactic injection of this serum to remove a tuberculous animal from a state in which shock is to be expected to the condition in which it responds to sanocrysin with a rise of temperature.
During the last two years of investigation it has often been suggested, particularly by clinicians, that these reactions are the result of a pure metallic intoxication,-a gold poisoning of the organism.
During the same time experimental investigations, however, have resulted in the collection of a considerable number of facts which strongly point to the truth of my original interpretation. At the present time we learn from the work of Madsen and M0rck, Fernbach and Rulliers, MacCluskey and Eichelbergers, and from my own investigations the following facts:
(1) Acute intoxication carnnot be produced by sanocrysin injections made into healthy animals, even when much higher doses than those employed in therapy are injected.
(2) The appearance of hypersensitiveness to tuberculin does not run parallel to the hypersensitiveness to sanocrysin.
These facts were first demonstrated by the experiments of Madsen and M0rck, which showed that the reactions of the tuberculous organism to sanocrysin depend on the infecting strain. They found that slight tuberculosis of the lungs produced by one strain caused violent reactions to sanocrysin in the form of shock and loss of weight, while severe tuberculosis in all the organs produced by another strain reacted very little or not at all. This shows that the occurrence of reactions depends on the strain or on the form of tuberculosis provoked rather than on the dose of sanocrysin or on the tuberculin sensibility. Further experiments in my laboratory have shown that animals with local limited tuberculosis do not react to sanocrysin either with shock or with rise in temperature, when the drug is prevented from coming into contact with the focus either by removal of this immediately before the injection or by the injection being withheld until the focus has been encapsulated by fibrous walls; and this in spite of the fact that these animals give strong tuberculin reactions both by intracutaneous and by intravenous tests.
(Temperature curves and tables were then demonstrated.) These observations confirm very strongly the idea that the reactions of the tuberculous organism to sanocrysin depend onz an effect of the drug on the tuberculous focus, and have nothing to do with any hypersensitiveness of the tuberculous organism to gold compound.
(3) The shock with all its principal features-albuminuria, heart failure and fall in temperature-is removed or prevented by early intravenous injection of sufficient doses of anti-tuberculosis serum but not by inljection of normal serum or of diphtheria anti-serum. With respect to albuminuria, the first sign of shock, this is clearly demonstrated on the table shown, taken from some of Madsen and M0rck's experiments.
(A demonstration of curves for albuminuria was here given.) According to our present serological interpretation these observations show that the agent causing the shock is neutralized by a specific anti-tuberculosis serum, which again strongly suggests that it consists in an antigenic toxic body liberated from tubercle bacilli in the tuberculous foci. Whether it is concentrated in the tuberculous tissue before the injection and liberated by a focal reaction, or is directly derived from the dissolution of bacilli under influence of the sanocrysin, cannot be decided at present, but as the tuberculous foci in fact heal up and the bacilli disappear in a large proportion of cases treated with sanocrysin, there may be some grounds for the last suggestion.
(4) The typical reaction of the tuberculous animal injected with the anti-serum when shock has fully developed is a great rise in temperature, and this is not seen in the case of injection of normal serum. I can only say that these facts very strongly confirm the idea that the shock and the rise of temperature are true immitzo-biological reactions following the actionl of sanocrysini on the ttberculous foci. The same seems to be true as regards the loss in weight, according to the experiments of Madsen and M0rck, as well as my own. With regard to exanthemata, the question cannot be settled to any extent at present, but there seems to be good reason to suggest that they are due to the combined action of liberated toxins and the direct influence of the drug. If, however, the idea that the most prominent sanocrysin reactions may be classified principally as immuno-biological reactions comes to he generally adopted there may be very good reasons for further investigations into their true nature. There is no case in chemotherapy iD which the immunity reaction has so violent a character as in the case of the treatment of tuberculosis by sanocrysin, and this may lead us to hope for further evidence of more general importance both in respect of the pathology of tuberculosis and of our ideas of immunity.
Sir LEONARD ROGERS said that his experience in the treatment of leprosy, due to an acidfast bacillus so closely allied to that of tuberculosis, was in agreement with Professor M0llgaard's view of the direct action of remedies, for he (the speaker) had occasionally seen very severe and prolonged febrile and local reactions follow very small intravenous doses of sodium hydnocarpate in advanced cases of leprosy. Without any further treatment the disease had continued to abate very greatly or even had cleared up completely, this being apparently due to the destruction of the bacilli setting free intracellular toxins leading to the production of antibodies in the system. But this action on the bacilli could not possibly be a direct one, for in one case such improvement ensued during a year after the injection of only one dose of 0 * 2 c.c. of a 3 per cent. solution. We were still very ignorant of the exact mode of action of many of our most specific remedies, and it was only through such able experimental work as that of the lecturer that enlightenment would come.
